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ARGININE HYDROCHLORIDE ENHANCES CHAPERONE-LIKE 
ACTIVITY OF ALPHA-CRYSTALLIN 



5 FIELD OF INVENTION 

The present invention provides that arginine, a biologically compatible molecule that is 
known to bind to the peptide backbone and negatively charged side-chains, increases 
the chaperone-like activity of a-ciystallin significantly. Arginine, interestingly, restores 
the activity of mutant protein to a considerable extent The invention shows the effect of 
1 0 arginine on the structural changes of a-crystallin by circular dichroism, fluorescence and 
glycerol gradient sedimentation. The invention shows that arginine brings about subtle 
changes in the tertiary structure and significant changes in the quaternary structure of a- 
crystallin and enhances its chaperone activity significantly. This invention thus has role in 
designing strategies to improve chaperone function for therapeutic applications. 

15 

BACKGROUND OF THE INVENTION 

a-Crystallin, a muhimeric protein of the eye lens, is made up of two homologous 
gene products, aA-, and aB-crystallins, aB-crystallin is expressed in significant 
levels in other tissues such as heart, kidney, brain, muscle, etc., while aA-crystallin 

20 is expressed in trace amounts in the spleen and thymus, (Bhat & Nagineni, 1989; 
Dubin et al., 1989; Iwaki et al., 1989; Kato et al., 1991). aB-Crystallin is stress- 
inducible and is expressed at elevated levels under certain disease conditions 
(Aoyama et al., 1993; Renkawek et al., 1994; Groenen et al., 1994). aA- and aB- 
crystallin share structural and sequence homology with small heat shock proteins 

25 (sHSPs) (Ingolia & Craig, 1982; Merck et al., 1993). a-Crystallin exhibits molecular 
chaperone-like activity in preventing the heat-induced aggregation of other proteins 
(Horwitz, 1992). It is now established that both aA- and aB-crystallin, either in 
homo-multimeric or hetero-multimeric states, exhibit molecular chaperone-like 
properties in preventing aggregation of other proteins (Sun et al., 1999; Datta & 

30 Rao, 1999), protecting the enzyme activity from heat- or other stress-induced 
inactivation (Hook & Harding, 1997; Hess & Fitzgerald, 1998; Marini et al., 2000; 
Rajaraman et al., 2001) and in a few cases, assisting the refolding (Rajaraman et al., 
2001 ; Goenka et al., 2001; Rawat & Rao, 1998; Ganea & Harding, 2000). 
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The inventors have earlier investigated the chaperone-like activity of a-crystallin 
towards photo-induced aggregation of y-crystalHn, DTT-induced aggregation of 
insulin and the refolding-induced aggregation and p-, and y-crystalUns and 
demonstrated that it is possible to enhance the chaperone-like activity of a-crystallin 
5 (see Reviews by Rao et al., 1998 & 2002 and the references therein). Our results 
showed that a structural perturbation by temperature in a-crystallin, involving 
increased exposure of hydrophobic surfaces, enhanced the chaperone-like activity of 
a-crystallin several-fold (reviews by Rao et al., 1998 & 2002). Subsequent studies 
from other laboratories (Das & Surewicz, 1995; Borkman et al., 1996; Palmisano et 

10 a!., 1995) have shown similar results. Smith et al. (1996) found that hydrophobic 
regions around residues 32-37 and 72-75 in aA-crystallin and 28-34 in aB-crystallin 
become solvent-exposed above 30 °C. Sharma et al. (1997 & 2000) identified 
specific target protein-binding regions, depending on the nature of the target 
proteins, that span the a-crystallin domain. Evidence has accumulated over the years 

15 that temperature regulates the chaperoning process in general through structural 
perturbation of the chaperone molecules such as Hsp70 (Craig & Gross, 1991; 
Leung et al., 1996) as well as small heat shock proteins (Rao et al. 1998; Gu et al., 
2002; Haslbeck et al., 1999; van Montfort et al., 2001). Interestingly, the structurally 
perturbed state of Hsp 16.3 at low concentrations of guanidine hydrochloride 

20 (Gdn.HCl) has also been shown to exhibit enhanced chaperone-like activity (Yang et 
al., 1999). 

In addition to temperature, it has been observed that low concentrations of the 
denaturant, urea, also enhance activity corroborating our hypothesis (reviews by Rao 
et al., 1998 & 2002). Gdn.HCl has been shown to enhance the chaperone-like 

25 activity of a-crystallin (Das & Liang, 1997). Loss or decreased chaperone function 
appears to be molecular basis for a growing number of diseases. If biologically 
compatible small molecules could be used to cause a structural perturbation and 
enhance the chaperone-like activity of a-crystallin, they would be of therapeutic 
significance. Therefore the inventors in the present study set out to investigate the 

30 effect of the biologically compatible small molecule, Arg.HCl, on the chaperone- 
like, anti-aggregating activity of a-crystaUin. Guanidinium salts, including Arg.HCl, 
are known to bind to the peptide backbone as well as side chains of negatively 



charged amino acids and tryptophan (Arakawa & Timasheff, 1984; Lin & 
Timasheff, 1996; Timasheff & Arakawa, 1988). 

The chaperone-like activity of a-crystallin in preventing aggregation of other 
proteins is particularly important in the context of the eye lens in maintaining its 

5 transparency. Our results show that, indeed, Arg.HCl can enhance the chaperone- 
like activity of bovine eye lens a-crystallin as well as the recombinant human aA- 
and aB-crystallins several-fold. More interestingly, it can also enhance activity of 
the mutant aB-crystallin (R120G-aB) that causes desmin-related myopathy and 
congenital cataract (Vicart et al,, 1998), perhaps due to its decreased activity (Kumar 

10 et al., 1999). Our results with guanidinium compounds such as Arg.HCl and 
AGdn.HCl show that enhanced activity of a-crystallin might be due to altered 
tertiary and quaternary structure. 

OBJECTS OF THE INVENTION 

15 The main object of the invention provides a method enhancing the molecular 
chaperone activity of a-crystallin by Argnine Hydrochloride 

Another object of the invention provides increase in molecular chaperone activity of 
a-crystallin by binding of Argnine Hydrochloride to the negatively charges side 
chains of the a-crystallin 
20 Still another object of the invention increase in molecular chaperone activity of a- 
crystallin by Argnine Hydrochloride by preventing aggregation of proteins 

SUMMARY OF THE INVENTION 

The present study has shown that Arginin hydrochloride (Arg.HCl) induced increase 
25 in the chaperone activity is more pronounced for aB-crystallin than for aA- 
crystallin. Further a point mutation, R120G, in aB-crystallin is also restored by 
Arg.HCl to a considerable extent, Arg,HCl also brings about structural changes of 
a-crystallin by circular dichroism, fluorescence and glycerol gradient sedimentation. 
It has been shown that Far-UV CD spectra has no significant compared to near-UV 
30 CD spectra in bringing changes in secondary structure. The glycerol gradient 
sedimentation also shows a significant decrease in the size of a-crystallin oligomer 
in the presence of arginine. There is a increase in exposure of hydrophobic surfaces 
of a-crystallin in the presence of arginine. These results show that arginine brings 



about subtle changes in the tertiary structure and significant changes in the 
quaternary structure of a-crystalHn and enhances its chaperone-Hke activity 
significantly. This study should prove useful in designing strategies to improve 
chaperone function for therapeutic applications. 

5 

DETAIL DESCRIPTION OF ACCOMPANYING DRAWINGS/FIGURES 

Figure 1 : Effect of Arg.HCl on the chaperone-like activity of calf eye lens aa- 
crystallin towards the DTT-induced aggregation of insulin at 37 °C. (A), 
aggregation of 0.2 mg/ml insulin in buffer alone (-0-); and in the presence 

10 of 0. mg/ml a- crystallin (-•-). (B) aggregation of insulin in buffer 

containing 200 Mm Arg.HCl (-A-), aggregation of insulin in the 
presence of a-crystallin (0.1 mg/ml) and 200 mM Arg.HCl (-A-). 
Symbols represent different curye types and not data points. Inset shows the 
change in percent protection offered by a-ciystallin as a function of Aig.HCl 

1 5 concentration. 

Figure 2: Effect of Arg.HCl on the chaperone-like activity of recombinant human aA- 

and oB-crystallins towards the DTT-induced aggregation of insulin at 37 X, 
Percent protection offered by 0. mg/ml aA-crystallin (O), and 0.05 
mg/ml aB-crystallin (•), towards the aggregation of insulin (0.2 mg/ml) as a 

20 function of Arg. HC 1 concentratioa 

Figure 3 Effect of Lys.HCl on on the chaperone-like activity of a-crystallin towards 

DTT-induced aggregation of insulin at 37 °C. Insulin (0.2 mg/ml) aggregation 
in the absence (open symbols) and in the presence (closed syrribols) of a- 
crystallin (0.1 mg/ml): 100 mM (circles) and 300 mM (triangles) Lys.HCl. 

2 5 Symbols represent different curve types and not data points. 

Figure 4: Effect of Arg.HCl (-0-), Gdn.HCI (-•-) and aminoguanidine 
hydrochloride (A) on the chaperone-like activity of calf eye lens a- 
crystallin towards the DTT-induced aggregation of insulin at 37*'C. 
a-Crystallin and insulin were taken at concentrations of 0.1 and 0.2 

30 mg/ml respectively. 

Figure 5: Effect of Arg.HCl on the chaperone-like activity of a -crystallin at 
25 °C. a- crystallin to insulin ratio of 1 :1 (w/w). 
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Figure 6: Solubilization of pyrene by a-crystallin as a function of 
concentration of Arg.HCl at 37 X. Sa = Aa -Ab , SaArg = Aaarg - 
AbArg, where A is the absoibance of the sample at 338 nm, Sa 
represents the solubility of pyrene- by a-crystallin and SaArg 
5 represents the solubility of pyrene by a -crystallin in the presence of 

Arg.HCl. 

Figure?: Relative fluorescence intensity of ANS bound to a -crystallin in the 

presence of increasing concentrations of Aig.HCl at 37 "C, 
Figure 8: Circular dichroism spectra of a-ciystallin in the presence and in the 

1 0 absence of Arg HCl at 37**C. Panel A : Near-UV CD spectra; Panel B: 

Far-UV CD spectra. a-Crystallin in Buffer A alone (curve 1 ) and the 
buffer containing 100 mM (curve 2), 200 mM (curve 3) and 300 mM 
(curve 4) Arg.HCl. To record far UV-CD spectra, DL-Arg.HCl was used. 
[0] mrmIS mean residue mass ellipticity. 

15 Figure 9: Sedimentation of the Arg.HCI-treated (-•-) and untreated (O) a- 
crystallin through a linear glycerol gradient (10^0%). The samples were 
incubated at 3TC for 2 h before loading on to the gradient. The positions of 
proteins used for standaru molecular masses are also indicated: a= aldolase 
(1 58 kDa), b= catalase (232 kDa) and c= thyroglobulin (669 kDa). See 

20 materials and mefliods for details. 

Figure 10: Effect of Arg.HCl on the chaperone activity of the mutant, R120GaB- 
crystallin towards the DTT-induced aggregation of insulin at 37°C. The 
percent protection represent the percent prevention of aggregation of insulin 
by these protein as monitored by light scattering. The negative value of the 

25 percent protection indicates the extent of increase in the aggregation of the 

sample compared to that of insulin alone. 



DETAIL DESCRIPTION OF THE INVENTION 

Structural perturbation of a -crystallin leads to several fold increase in its chaperone 
30 activity (24-27,31,32). In order to find out whether some biologically compatible 
compounds can perturb the stmcture and enhance the chaperone activity of a-ciystallin, 
guanidinium compounds such as hydrochlorides of arginine, aminoguanidine and 
guanidine have been investigated. Aiginine is known to interact wifli the peptide bonds of 



proteins as well as negatively charged side chains of amino acids (37,38). In present 
invention the effect of Arg.HCl on the chaperone-like activity of a-crystallin has been 
proved. DTT-induced aggregation of insulin in the absence or in the presence of a- 
crystallin at ZT'C and the effect of varying concentrations of Arg.HCl are shown in 
5 Figure 1. a -Crystallin prevented the aggregation of insulin partially (-36% 
prevention of aggregation) at a 1:2 (w/w) ratio of a-crystallin: insulin (Fig lA). Fig. IB 
shows that at the same weight ratio, a-crystallin prevents the aggregation of insulin 
completely in the presence of 200 mM Arg.HCl. Arg.HCl alone does not prevent the 
aggregation of insulin; on the contrar> , we observed that it leads to its significantly 
10 increased aggregation. Despite this effect of Arg.HCl on the aggregation of insulin, a 
-crystallin in die presence of Arg.HCl showed complete prevention of aggregation. This 
result shows that Arg.HCl increases the chaperone-like activity of a-crystallin 
significandy. The inset in Fig. IB shows that the observed 
increase in the activity is dependent on Arg.HCl concentration, indicating a dose- 
1 5 dependent interaction of Arg.HCl with a-oystallin. 

Eye lens a- crystallin is a heteromultimeric protein composed of two types of subunits 
- a- and aB-crystallin - with the subunit ratio varying from species to species (44). Both 
and aB-ci-ystallin fomi homomultimers; however, they exhibit differences in their 
chaperone-like activities as well as stmctural stability (14,15,45). In order to investigate the 
20 possible differences in the Arg.HCl-induced increase in the chaperone activity, we studied the 
effect of Arg.HCl on the activities of recombinant human a-A- and aB-crystallin 
towards the DTT- induced aggregation of insulin. In conformity with earlier reports 
(14,15,45), we found that oB-crystallin was more effective in preventing the 
aggregation of insulin than oA-ciystallin; it almost completely prevented the aggregation 
25 of insulin at a 1 :2 (w/w) ratio of aB-crystallin to insulin. To see the effect of Arg.HCl on 
their chaperone-like activities, we used a 1:2 ratio (w/w) for ccA-crystallin to insulin; 1:4 
(w/w) ratio of aB-crystallin to insulin since aB-crystallin is more effective as a 
chaperone. Figure 2 shows that Arg.HCl enhanced the activity of both aA- and aB- 
crystallin, the increase being much shaiper for aB-ciystallin than for ccA-cry stall in. The 
30 Arg.HCl-induced enhancement of the activity of aB-crystallin is more pronounced than 
tliat of a A-crystallin. 
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Lysine hydrochloride, another basic amino acid is also known to interact with peptide 
bonds of proteins as well as negatively charged amino acids (38). We, therefore, tested 
whether Lys.HCl also can increase the chaperone activity of a-crystallin. However, in 
the present study unlike Arg.HCl, Lys.HCl did not enhance the chaperone-like activity 
5 of a-crystallin towaixls the DTT-induced aggregation of insulin (Figure 3), In fact, it reduced 
the percent protection offered by a-crystallin from 36% in the absence of Lys.HCl to 1 7% in 
the presence of 100 mM Lys.HCl, At a concentration of 300 mM Lys.HCl, the percent 
protection further reduced to about 8%. This shows that die effect of Arg.HCl is specifically 
due to the presence of the guanidinium group present in its side chain. 

10 Incubating a-crystallin with low concentrations of Gdn.HCl (0.8-1.0 M) increases the 
exposure of its hydrophobic surfaces with an accompanying enhancement in its chaperone- 
like activity (35). Recently, the chaperone-like activity of a small heat shock protein, Hsp 
16.3, fix)m Mycobacterium tuberculosis has also been shown to be enhanced due to Gdn.HCl- 
induced perturbation of its structure (46). Further, a recent study by Inomata et ai (47) 

1 5 showed that aminoguanidine, when fed orally to Shumiya cataract rats - a hereditary 
cataract model in which lens opacity appears spontaneously in the nuclear and 
perinuclear portions at 11-12 weeks of age - inhibited the opacification of the lens, 
Aminoguanidine was also found to inhibit cataract formation in diabetic rats (48). In 
the present study a comparison between the effect of Arg.HCl, Gdn.HCl and 

20 aminoguanidine hydrochloride on die chaperone-like activity of a-crystallin was 
undertaken. Figure 4 shows that Arg.HCl and Gdn.HCl are comparable in their ability to 
enhance the activity of a-crystallin. Aminoguanidine hydrochloride also enhanced the 
activity of a -crystallin, but to a lesser extent (Fig,4). 

In order to find out whether ArgHCl-induced increase in chaperone activity of 
25 a-crystallin is,.also observed with other protein aggregation systems, in the present study it 
has been investigated the effect of a-ciystallin incubated with Arg.HCl on the thermally 
induced aggregation of (i;, -crystallin, aggregates at 43"" C (49). a -Crystallin, at a 1:4 (w/w) 
ratio of a - to -crystallin, prevented the aggregation of i^-crystallin to the extent of 
53%. Upon preincubation with 100 mM Arg.HCl, the protective ability of a-crystallin 
30 increased to -81%. Similar Arg.HCl-induced enhancement of the chaperone-like activity 
of a -crystallin is observed towards DTT-induced aggregation of a-lactalbumin at pH 6.5 (data 
not shown). 
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The investigators have earlier shown that the chaperone-like activity of a-crystalHn is 
increased several-fold at temperatures beyond 30°C. In order to find out if arginine can 
mimic the effect of elevated temperature in enhancing the chaperone-like activity of a - 
crystallin, the effect of Arg.HCl on the chaperone-like activity of a-crystallin at 25°C 

5 (Figure 5) was investigated. At a a-crystallin to insulin ratio of 1:1 (w/w), the 
protection offered by a-crystallin is approximately 13%. In the presence of 100 mM 
Arg.HCl, the protection increased to 28%; as the concentration of Arg.HCl increased, 
the chaperone-like activity increased and at 300 mM Aig.HCl, it almost completely 
prevented the aggregation of insulin. Aminoguanidine hydrochloride also showed a similar 

1 0 effect on the activity of a-crystallin at 25 *^C, but to a lesser extent 

Earlier studies (24-26, 28-31) have shown that structural perturbation of a-crystallin 
leads to increased exposure of hydrophobic sur&ces. Hydrophobic interactions play a 
crucial role in the recognition between chaperones and partially unfolded proteins. Since a- 
crystallin exhibits enhanced chaperone-like activity in the presence of Arg.HCl, the 

15 accessibility of the hydrophobic surfaces of a-crystallin as a function of Arg.HCl 
concentration by solubilizing the hydrophobic fluorophore, pyrene was investigated. Pyrene 
is sparingly soluble in water. In the presence of a-ciystallin (0.3 mg/ml), there is a 4.2 fold 
increase in the solubility of pyrene at 37° C. In the concentration range studied, Arg.HCl 
alone does not increase the solubility of pyrene significantly. However, pyrene- 

20 solubilization by a-crystallin is found to be significantly more in the presence of 
Arg.HCl than in its absence. The a-crystallin-solubilized fraction of pywne (See Examples) 
increased progressively with increase in Arg.HCI concentration (Fig-6). These results 
suggest that there is an increase in the exposure of hydrophobic surfaces of a- 
crystallin in the presence of Arg.HCl This aspect was further investigated using 

25 ANS, a fluorophore that binds to and reports on the hydrophobic surfaces of a protein 
(50,51). In the presence of Arg.HCl, the binding of ANS to a-crystallin increased till the 
concentration of Arg.HCl reached 100 mM (Figure 7). At this concentiation of Arg.HCl, 
there was '--38% increase in the fluorescence intensity of ANS at the emission maximum. 
Beyond this concentration of Aig.HCI, there was a marginal drop in the fluorescence 

30 intensity at the emission maximum (Fig.7). The pyrene-solubilization studies as well as 
the ANS-binding studies show that Arg.HCl increases the accessible hydrophobic 
surfaces of a-crystallin. We further suidied structural changes in a-crystallin using 
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intrinsic fluorescence, near- and far-UV CD spectroscopy and glycerol density 
gradient centrifiigation. 

The intrinsic tryptophan fluorescence spectrum of a-crystallin did not change 
considerably in the presence of Arg.HCl, suggesting that there is no significant change in the 

5 tryptophan environment The near-UV CD spectra of a-crystallin in the absence and presence 
of various concentrations of Arg.HCl are shown in Fig.8A. The CD profiles of a- ciystallin 
with increasing concentrations of Arg.HCl do not overlap. The profile in the region of 270- 
290 nm shows some differences suggesting subtle conformational changes at the tertiary 
strucairal level. Since L-Aig.HCl gives a strong signal in, the far-UV region below 230 nm 

1 0 experiments using DL- Arg.HCl to perfom-far-UV CD studies were undertaken. The 
far-UV CD spectra of a-crystallin in the absence and the presence of various 
concentrations of Arg.HCl arc shown in Fig.SB. The far-UV CD spectra almost 
overlap, with a minor change in the lower wavelength regioa The minima, however, remain 
unchanged sug^sting that the secondary stmcture, largely beta-sheet structure, of a-crystallin 

1 5 is not altered in the presence DL-Arg.HCl. In order to assess changes in the quaternary 
stmcture of the protein, sedimentation experiment through a 10-40% glycerol gradient in the 
absence and the presence of 300 mM Arg.HCI were performed. Figure 9 shows significant 
decrease in the size of a-ciystallin in the presence of Arg.HCI. We also used aldolase, 
catalase and thyroglobulin as molecular mass standards and estimated the molecular mass of 

20 a- crystallin. These results show that molecular mass of a-crystallin, which is estimated to 
be -700 kDa in the absence of Arg.HCI, is significantly decreased in the piesence of Arg.HCl 
(-360 kDa). The half-width of the profile of a-crystallin in the presence of Arg.HCl is 
significantly less (6.25 x-axis units) than that in its absence (8.75 x-axis units), indicating that 
the polydispersity of the protein is also decreased in the presence of Arg.HCl. It was also 

25 observed similar decrease in the size as well as the half- width of the profiles of a- A- and a- 
B-crystallin (data not shov/n). Thus, these results show that Arg.HCl can bring about 
subtle changes in the tertiary structure and significant changes in the quaternary structure 
of either flie homo-multimers or the hetero-multimere of a-A- and a-B-ciystallin. Such 
changes also lead to increased chaperone activity of a-crystallin. 

30 Mutations in a-A- and a-B-crystallin at the conserved argjnine residues 1 16 and 120 
respectively, are known to affect stmcture and chaperone-like activity in vitro (40, 52-54). 
These mutations are known to result in congenital cataract and desmin-related myopalhy 
(55,39). It would be of interest to investigate in this context whether the additive, ArgJKJ, 
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can restore/increase the chaperone-Iike activity of these mutants. Figure 10 shows the effect of 
Arg-HCl on the chaperone activity of R120G aB-crystallin towards the DTT-induced 
aggregation of insulin at 37X. At a 0.5: 1 (w/w) ratio of Rl 20G aB-crystallin to insulin, the 
light scattering of the sample is significantly more as compared to that of insulin in the 

5 absence of the mutant ciystallin, indicating fliat it does not offer protection to insulin. The 
apparent increase in light scattering compared to the control is shown as a negative 
percentage protection in the figure (Fig. 10). Interestingly, increasing concentrations of the 
additive Arg.HCl increase the protective effect of R120G aB-crystallin (Fig. 10), the extent 
of protection being -75% at 300 mM Arg.HCl. However, ccA-crystallin mutant RllGC did 

10 not show similar sensitivity to Arg.HCl. Even 500 mM did not enhance the activity of 
Rl 16C aA-crystallin (data not shown). Earlier studies by the inventors have shown that 
R120G aB-crystallin assembles into multimers with slightly increased molecular mass 
compared to the wild-type aB- crystallin. Rl 16C a-A-crystallin, on the other hand, forms 
veiy large (800-2000 kDa), polydispers^, multimers (40). It is not clear whether such 

1 5 difference in the multimeric nature of these mutants in some way leads to the observed 
ditferences in the Arg.HCl-induced effects on the chaperone activity. As mentioned earlier, 
figure 2 shows that the extent of Arg.HCl-induced increase in the chaperone activity of aA- 
crystallin is lesser than that of aB-crystallin. Therefore, these results suggest that the wild 
type and mutant aA-crystallin, in general, are less sensitive towards Arg.HCl-induced 

20 changes in stnacture and functioa 

Taken together, the present invention shows that in the presence of Arg.HCl, a- 
crystallin undergoes subtle tertiary structural changes and significant quaternary stiiictural 
changes accompanied by increase in the accessible hydrophobic surfaces of the protein. 
These structural changes result in a significant enhancement in the chaperone-like activity 

25 of a-ciystallin. The fact that lysine hydrochloride could not enhance ttie chaperone activity of a- 
crystallin whereas Arg.HCl and other guanidinium compounds such as guanidine 
hydrochloride and aminoguanidine hydrochloride . could markedly increase its 
chaperone activity shows selective interaction of the guanidinium group in arginine with a- 
crystallin. It is also important to note that guanidine hydrochloride and aminoguanidine 

30 hydrochloride also enhanced the chaperone activity of a-ciystallin, however, to a lesser 
extent compared to Arg.HCl. It was also observed a change in the near-UV CD spectmm 
and size of a-ciystallin in the presence of Lys.HCl (data not shown) indicating that 
Lys.HCl can also interact with the protein. However, it failed to increase the 
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chaperone-function of a-crystallin; rather it decreased the activity. Thus, it appears that 
the mode of interaction of Lys.HCI with a-crystallin is either distinctly different from 
that of the guanidinium compounds such as Arg.HCl and aminoguanidine HCI or the a- 
crystallin-target protein complex is unstable and aggregation-prone in the presence of 
5 Lys.HCl, It is also known that Arg.HCl and. Lys.HCI exhibit opposite effects on the 
stability of globular proteins (37) though both ttiese amino acids can interact with peptide 
groups and negatively charged side chains of proteins (36-38). 

Growing evidences sug^st ttiat some small molecules modulate chaperone function in a 
specific manner. Osmolytes such as glycinebetaine, proline and glycerol have been shown 

10 to activate the molecular chaperones, GroEL and DnaK and ClpB (56). The cellular 
metabolite, pantethine has been shown to increase the anti-aggregation activity of a-nnystallin 
(57). The present invention shows that Arg.HCl, a biologically compatible amino acid, 
can significantly improve the chaperoning function of a-crystallin by specific interactions 
with tlie protein.. Present invention also demonstrates fliat aminoguanidine, which has been 

15 earlier shown to inhibit lens opacification in animal models (47,48), also increases the 
chaperone activity of a-crystallin. This result suggests that the enhancement of chaperone 
activity of a-crystallin is one of the probable mechanisms, if not the sole mechanism, involved 
in tlie inhibition of lens opacification by aminoguanidine in some animal models. Arg.HCl 
might confer beneficial effects against lens opacification since, as our results show, it is more 

20 effective in increasing the chaperone activity of a-crystallin than aminoguanidine. The 
inventors are currently testing this possibility in animal models. In addition, Arg.HCl may 
offer other beneficial effects, as it is the substrate for enzymatic production of nitric oxide and 
believed to confer cardiovascular protection (58-60), and exhibits antioxidant properties in 
scavenging superoxide radical (61). Thus, Arg.HCl is one of the promising agents to 

25 exhibit pleotropic beneficial effects in general health and disease resistance. 

Accordingly, the main embodiment of the present invention relates to a method for 
enhancing molecular chaperone activity of a-crystalline (comprising of forms aA- 
crystalline and aB-crystalline) with a biological compatible amino acid molecule of 
Arginine Hydrochloride, said method comprising the steps of: 

30 (a) isolating and purifying a-crystalline from calf eye lenses by convention 
methods (as described in reference 24), and 
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(b) reacting a-crystalline in the presence of phosphate buffer of pH 7.4 with 
Arg.HCl and aggregation systems selected from group of insulin or C,- 
crystalline in presence or absence of DTT, and 

(c) determining the enhancement in chaperone activity of a-crystalline in 
5 presence of Arg.HCl by fluorescence spectrophotometer. 

Another embodiment of the present invention relates to the Arginine hydrochloride 
(Arg. HCI) wherein the Arg.HCl binds to the peptide backbone and negatively 
charged side chains of a-crystalline to enhance chaperone activity. 
Still another embodiment of the present invention relates to the Arg.HCl wherein 
1 0 Arg.HCl is in the range of about 50 to 350 mM. 

Yet another embodiment of the present invention relates to the Arg.HCl wherein 
Arg.HCl is in the range of about 100 to 300 mM. 

One more embodimentof the present invention relates to the Arg.HCl wherein 

Arg.HCl enhances the chaperone activity of a-crystalline by about 95%. 
15 Another embodiment of the present invention relates to the Arg.HCl wherein 

Arg.HCl enhances the chaperone activity of a-crystalline by about 90%. 

Still another embodiment of the present invention relates to the Arg.HCl wherein the 

Arg.HCl enhances the chaperone activity of a-crystalline by about 90% in presence 

of various aggregation systems. 
20 Yet another embodiment of the present invention relates to the Arg.HCl wherein 

Arg.HCl enhance the chaperone activity of a-crystalline by about 81% in presence 

of various aggregation systems. 

One more embodiment of the present invention relates to the aggregation systems 
wherein the aggregation systems are selected from group comprising of insulin, ^- 

25 crystallin and related compounds. 

Another embodiment of the present invention relates to the Arg.HCl wherein 
Arg.HCl at a temperature of about 30*^0 protects the a-crystalline by about 35%. 
Still another embodiment of the present invention relates to the Arg.HCl wherein 
Arg.HCl at a temperature of about 30°C protects the a-crystalline by about 28%. 

30 Yet another embodiment of the present invention relates to the Arg.HCl wherein 
Arg.HCl brings about subtle changes in the tertialry structure and significant 
changes in the quaternary structure of both homo-multimers or hetero-multimers of 
cxA -crystalline and aB-crystalline to enhance the chaperone activity. 
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One more embodiment of the present invention relates to the Arg.HCl wherein 
presence Arg.HCl the molecular mass of a-crystalline is reduced -360 kDa thereby 
bringing about subtle changes in the tertialry structure and significant changes in the 
quaternary structure of both homo-multimers or hetero-multimers of aA-crystalline 
5 and aB-crystalline to enhance the chaperone activity. 

Another embodiment of the present invention relates to the wild type and mutant 
aA-crystalline wherein wild type and mutant aA-crystalline are less sensitive to 
Arg.HCl than aB-crystalline, thereby enhancing the chaperone activity. 
Yet another embodiment of the present invention relates to the protection of mutant 
10 aB-crystalline (R120aB-crystallin) wherein protection of mutant aB-crystalline 
(R120aB-crystallin) is about 80% in presence of Arg.HCl. 

Still another embodiment of the present invention relates to the protection of mutant 
aB-crystalline (RI20aB-crystallin) wherein the protection of mutant aB-crystalline 
(R120aB-crystallin) is about 75% in presence of Arg.HCl. 
15 One more embodiment of the present invention relates to the Arg.HCl wherein 
Arg.HCL enhances the a-crystalline chaperone activity by about 45% by exposing 
the hydrophobic surfaces of a-crystalline. 

Still another embodiment of the present invention relates to the Arg.HCl wherein 
Arg.HCl enhances the a-crystalline chaperone activity by about 38% by exposing 
20 the hydrophobic surfaces of a-crystalline. 

The following examples are given by way of illustration of the present invention and 
therefore should not be construed to limit the scope of the present invention. 

EXAMPLES ; 
25 EXAMPLE 1 

Arginine hydrochloride (Arg.HCl), DL-arginine hydrochloride (DL-Arg.HCI), 
aminoguanidine hydrochloride, insulin and pyrene were obtained from Sigma 
Chemical Company, USA. 8-Anilinonaphthalene-l-siilphonic acid (ANS) was 
obtained from Aldrich Chemical Company, USA. Guanidine hydrochloride was 
30 purchased from Serva, Germany All other chemicals used in the studies were of 
Analytical Reagent grade. In all the experiments L-arginine hydrochloride, 
hereafter referred to as Arg.HCl. was used except to record far-UV circular dichmism 
spectra, where DL-Arg.HCl was used. 
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EXAMPLE 2 

Preparation of a-ciystallin and ^-ciystallin 

a-Crystallin was purified fiom calf eye lenses previously described (24). Recombinant 
human a-A- and a-B-ciystallins were prepared by cloning, overexpression in Escherichia 
5 coli and purification as described eariier (40). (!;-Ciystallin was purified fiiom guinea pig eye 
lenses as described bv Rao and Zigler (4 1 ). 
EXAMPLE 3 

Assays for chaperone-like activity pf a-crystallin. 

The DTT-induced aggregation of insulin and the effect of a-crystallin were studied as 

10 described eariier (25,42). All chaperone assays were carried out in 10 niM phosphate 
buffer. pH 7,4, containing 100 mM NaCl (Buffer A). The buffer alone or the buffer 
containing a-crystallin (0.1 mg/ml), a-A-crystallin (0.1 mg/ml) or a-B-crystallin 
(0.025 mg/ml) and the required amount of Arg.HCl was equilibrated at 37° C for 3 
minutes with constant stirring in the sample holder using a Juiabo thermostated water 

15 bath. Insulin (0.2 mg/ml) was then added and reduction of insulin was initiated by 
adding 20 |aL of 1 M DTT to 1.2 ml of the sample. The extent of aggregation of 
insulin was measured as a function of time by monitoring 90^ scattering at 465 nm 
using a Hitachi F-4000 fluorescence spectrophotometer. The excitation and emission 
band passes were set at 3 nm. 

20 Chaperone activity measurement of a-crystallin towards the thermal aggregation of 
c;,-crystallin was performed as described in our earlier study (25). Buffer A either in 
the absence or in the presence of a-crystallin (0.025 mg/ml) and required 
concentrations of Arg.HCl was incubated at 43X for 3 min in the thermostated 
cuvette holder of the fluorescence spectrophotometer. ^-Crystallin was then added to a 

25 final concentration of 0.1 mg/ml. The extent of aggregation was monitored as a function of 
time by measuring the scattering of 465 nm light as described above, 
EXAMPLE 4 
Solubilization of pyrene 

a-Crystallin solution (0.3 mg/ml in Buffer A) in the absence or the presence of 
30 varying concentrations of Arg.HCl was stirred with mM pyrene suspension at 37^ 
C for 30 minutes. The mixture was centrifiiged at 14,000 rpm for 5 minutes to remove the 
unsolubilized pyrene. Optical density of the supernatant was measured at 338 nm in a 
Hitachi-330 UV-Visible spectrophotometer. Solubility of pyrene in Arg.HCl solutions alone 
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was also measured using the above procedure. The solubilization of pyrene by a-crystallin 
alone or by a-crystallin in the presence of varying concentrations of Arg.HCl was 
obtained after correcting for the appropriate blanks. In order to assess the extent of increase 
in pyrene solubilization by a-ciystallin in the presence of Ai;g.HCl, the ratio of pyrene 
5 solubilized by a-ciystallin in the presence of given Arg.HCl concentration (Soa^g) to pyrene 
solubilized by a-ciystallin alone (Sa) was plotted as a function of Arg.HCl concentration 
EXAMPLE 5 
Circular dichroism studies 

Circular dichroism spectra were recorded using a Jasco J-715 Spectropolarimeter. All 
1 0 spectra are the average of 4 accumulations. Far- and near-UV CD spectra of a-crystallin (1 .5 
mg/ml) in the absence and the presence of various concentrations of Arg.HCl were recorded at 
37 °C using themiostated 0.01cm and cm pathlength cuvettes 

respectively All spectra were corrected for the respective blanks Since L-arginine 
liydrochloride shows a large CD signal below 230 nm we used DL-Arg.HCl to record the 
1 5 far-UV )D spectra of a-crystallin. 
EXAMPLE 6 

Fluorescence studies 

Fluorescence spectra were recorded using a Hitachi F-4000 Fluorescence . 
Spectrophotometer equipped with a thermostated cuvette holder. All the studies were 
20 perfomied at 37° C. All spectra were recorded in the corrected spectrum mode. The ntrinsic 
tryptophan fluorescence spectra of a-ciystallin (0.2 mg/ml) in Buffer A alone or in the buffer 
containing tlie required concentrations of Arg.HCl were recorded by exciting the sample at 
295 nm with tfie excitation and emission band passes set at 3 nm. 

To smdy the binding of the hydrophobic j)robe, ANS, to a-crystallin, 12 uL of 10 mM 
25 methanolic solution of ANS was added to 1 .2 ml of a 0.5 mg/ml solution of a-crystallin in 
Buffer A alone or in the buffer containing the required concentrations of Arg.HCl, The 
samples were excited at 365 nm and emission spectra recorded from 400-600 nm at 37"^ C 
The excitation and emission band passes were set at 3 and 5 nm, respectively. All spectra 
were corrected for the respective blanks. Spectra were recorded in the corrected spectmm 
30 nxxle. 

EXAMPLE? 

Glycerol gradient centrifugation: 
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Glycerol gradient centrifugation was carried out essentially as described by Lambert 
et ai (43). a-Crystallin, a-A- or a-B-crystallin (2 mg/ml) was incubated in.50 mM Tris 
HCl buffer (pH 7.4) containing 100 mM NaCl, ImM EDTA alone or in the presence 
of 300 mM Arg.HCl for 2 hours at 37 C. The samples (0.5 ml) were loaded on top of a 

5 12 ml linear gradient of glycerol (10-40%) made in 50 mM Tris-HCl buffer, pH 7.4, 
containing 100 mM NaCI and ImM EDTA. Arg.HCl-treated a-ciystallin samples were run 
in the gradient also containing 300 mM Arg.HCl. The tubes were centrifiiged for 18 
hours at 30000 rpm in a Beckman SW41 rotor at 4 C. Fractions (0.3ml) were withdrawn 
from the top using a Haake-Buchler Auto Densi-Flow HC gradient former/remover 

10 and optical density at 280 nm of the fractions were measured using a Shimadzu UV- 
1601 spectrophotometer. To estimate the molecular masses of the a-crystallin 
samples, proteins with defined molecular masses such as thyroglobulin (669 kDa), catalase 
(240 kDa) and aldolase (1 58 kDa) were used.. 
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We claim: 

1. A method for enhancing molecular chaperone activity of a-crystalline 
(comprising of forms aA-crystalline and aB-crystalline) with a biological 
compatible amino acid molecule of Arginine Hydrochloride, said method 
comprising the steps of: 

(a) isolating and purifying a-crystalline from calf eye lenses by 
convention methods (as described in reference 24), and 

(b) reacting a-crystalline in the presence of phosphate buffer of pH 7.4 
with Arg.HCl and insulin or i^-crystalline in presence or absence of 
DTT, and 

(c) observing the enhancement in chaperone activity of a-crystalline in 
presence of Arg.HCl by fluorescence spectrophotometer. 

2. A method as claimed in claim 1, wherein Arginine hydrochloride (Arg. HCl) 
binds to the peptide backbone and negatively charged side chains of a- 
crystalline to enhance chaperone activity. 

3. A method as claimed in claim I, wherein Arg.HCl is in the range of about 50 
to 350 niM. 

4. A method as claimed in claim 3, wherein Arg.HCl is in the range of about 
100 to 300 mM. 

5. A method as claimed in claim 1, wherein Arg.HCl enhances the chaperone 
activity of a-crystalline by about 95%. 

6. A method as claimed in claim 5, wherein Arg.HCl enhancs the chaperone 
activity of a-crystalline by about 90%. 

7. A method as claimed in claim 1, wherein Arg.HCl enhance the chaperone 
activity of a-crystalline by about 90% in presence of various aggregation 
systems. 

8. A method as claimed in claim 7, wherein Arg.HCl enhance the chaperone 
activity of a-crystalline by about 81% in presence of various aggregation 
systems. 

9. A method as claimed in claim 1 and 7, wherein aggregation systems maybe 
selected from group comprising of insulin, (^-crystallin and related 
compounds. 
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10. A method as claimed in claim 1, wherein Arg.HCl at a temperature of about 
30°C protects the a-crystalHne by about 35%. 

11. A method as claimed in claim 1 , wherein Arg.HCl at a temperature of about 
30®C protects the a-crystalline by about 28%. 

5 12. A method as claimed in claim 1, wherein Arg.HCl brings about subtle 
changes in the tertialry structure and significant changes in the quaternary 
structure of both homo-multimers or hetero-multimers of a A-crystalline and 
aB-crystalline to enhance the chaperone activity. 

13. A method as claimed in claims 1 and 12, wherein presence of Arg.HCl the 
10 molecular mass of a-crystalline is reduced -360 kDa thereby bringing about 

subtle changes in the tertialry structure and significant changes in the 
quaternary structure of both homo-multimers or hetero-multimers of aA- 
crystalline and aB-crystalline to enhance the chaperone activity. 

14. A method as claimed in claim 1, wherein wild type and mutant aA- 
15 crystalline are less sensitive to Arg.HCl than aB-crystalline, thereby 

enhancing the chaperone activity, 

15. A method as claimed in claims 1 and 14, wherein protection of mutant aB- 
crystalline (R120aB-crystallin) is about 80% in presence of Arg.HCl. 

16. A method as claimed in claim 15, wherein protection of mutant aB- 
20 crystalline (R120aB-crystallin) is about 75% in presence of Arg.HCl. 

1 7. A method as claimed in claim 1, wherein Arg.HCl enhances the a-crystalline 
chaperone activity by about 45% by exposing the hydrophobic surfaces of a- 
crystalline. 

18. A method as claimed in claim 14, wherein Arg.HCl enhances the a- 
25 crystalline chaperone activity by about 38% by exposing the hydrophobic 

surfaces of a-crystalline. 
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ABSTRACT 

The present invention provides that arginine, a biologically compatible molecule that is 
5 known to bind to the peptide backbone and negatively charged side-chains, increases 
the chaperone-like activity of a-cry?tallin significantly. Arginine, interestingly, restores 
the activity of mutant protein to a considerable extent. The invention shows the effect of 
arginine on the structural changes of a-ciystallin by circular dichroism, fluorescence and 
glycerol gradient sedimentation. The invention shows that arginine brings about subtle 
1 0 changes in the tertiary structure and significant changes in the quaternary structure of a- 
crystallin and enhances its chaperone activity significantly. This invention thus has role in 
designing strategies to improve chaperone function for therapeutic applications. 
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